Purpose Additional costs for healthcare provision are expected for cases where the level of care provided is not according to the patient's needs and demands. To address these issues and reduce costs, fundamental changes need to be made on how healthcare provision is administered to patients, which raises the opportunity for the implementation of patient-centric systems. Methods This review addresses the importance of implementing a patient-centric approach in current healthcare provision and emphasizes the need to adjust current development and business models for a successful application of patient-centric care. Results To increase awareness and avoid confusion, the purpose of patient-centric pharmaceutical drug product design is reviewed in detail and future market opportunities for patient-centric drug products are discussed. Conclusions With regard to solid oral dosage forms, the subject of patient-centric pharmaceutical drug product design will focus more on the customization of existing technologies (e.g., dosage form size reduction) to address the needs of specific patient populations such as pediatrics, geriatrics, dysphagia patients, or the cognitively impaired.
Introduction
In current days, the majority of healthcare systems across the industrialized countries are facing global challenges. These challenges are related to the constantly increasing costs of basic healthcare provision, with no optimal improvements in the level of care provided to the patients [1, 2] .
The governmental institutions and involved industries play a crucial role in shaping the way that healthcare is administered to the patients. Yet, their focus is still maintained in keeping healthcare and innovation costs at minimum levels in order to reduce the financial burden, which later is reflected by healthcare solutions that do not always fit the needs of the patients. As a result, additional costs for healthcare provision are expected for cases where the patients are not comfortable with the options offered by healthcare professionals [3, 4] .
To address these issues and reduced healthcare costs, fundamental changes need to be made on how healthcare provision is administered to patients, which raises the opportunity for the implementation of patient-centric systems [5] . A patient-centric approach does not require specific rules or guidelines, as it simply involves patients in their healthcare progression and allows them to receive the most appropriate treatment at a reasonable cost. By placing the patients' needs in first place, the patient-centric model will require a high level of both patient and healthcare professional commitment, responsibility, and accountability to deliver efficacious treatments while reducing costs [6] . If successfully applied, this model can benefit every segment of healthcare provision by improving the general health of patients and reducing global expenses for payers and governmental institutions.
The purpose of this review is (i) to address the importance of implementing a patient-centric approach in current healthcare provision, (ii) to emphasize the need of modifying current development and business models for a successful application of patient-centric care, (iii) to clarify the importance of patient-centric pharmaceutical drug product design, and (iv) to discuss future market opportunities in which patient-centric pharmaceutical products can bring added value to patients.
The Patient-Centric Model in Healthcare Provision
Patient-centric care is a term that has been increasingly used in recent research reports and clinical settings, however, it is still not very clear what it means. A common assumption is that patient-centric relates to the involvement of the patient in the healthcare process and its interaction with healthcare providers [7] . Although correct, patient centricity is a much broader subject that was designed to account patients' individual preferences, values, and beliefs in the selection of their therapeutic choices by healthcare professionals [8] . It helps patients and their caregivers to communicate and make informed healthcare decisions, allowing them to have an active voice in assessing which healthcare options are more valuable for each specific case [9, 10] . Notwithstanding, if patientcentric care is simply related to the patient's involvement in the selection of its treatment or care, then words like Bengaged^or Bempowered^could easily replace centricity [11] . The word centricity is used to demonstrate that the patient is at the center from start to finish during healthcare provision ( Fig. 1) , and all the involved professionals are invited to help the patient in navigating the decision-making process to make it more personally useful [12, 13] .
Yet, this process is not simple and requires a deep understanding of the patient's capabilities to codify the information provided from the different healthcare professionals. An adequate interaction between both parts has to be built, where patients can guide the professionals through the different steps of healthcare provision and help them to select the best treatment options which will bring the best outcome for the patients' wellness [2, 14] .
As patients cannot be instantaneously empowered with knowledge and experience to manage their healthcare alone, the involved professionals need to be adequately informed about patients' health literacy, knowledge, and power disparities, in order to provide them valuable tools that can contribute for an appropriate decision of which therapeutic approach to follow [15] . With this regard, since the final decision relies on the patient, an active participation is highly beneficial and centricity can be supported by constant updates of the healthcare needs of the patient [16] . As the patients will be highly involved in their therapeutic choices and can adequately address their needs, an increase in the efficacy of prescribed treatments will be expected, leading to a decrement on the incidence of potential hospitalizations [17, 18] .
Implementation of the Patient-Centric Model Requires Modification of Current Development and Business Patterns
The costs related to patients' nonadherence to prescribed therapies is estimated to be approximately US$100 billion per year [19] . Adherence and effectiveness of treatments were identified to have a great impact on the general health of the population by reducing medical costs related to cases of improper use of drug products, nonadherence, or adverse drug reactions [20] . These numbers might be reflected by a pharmaceutical business model that is stagnated over the years and Fig. 1 The patient at the center during healthcare provision as a basis for patient-centric model needs to be restructured in order to fulfill current healthcare demands [21, 22] . This creates an opening for new critical thinking for redefinition of the model, preferably to one in which the patient plays a central role [23] . Moreover, it launches opportunities for the development of new technologies that can increase adherence and patient compliance to medication regimens [24] .
New guidelines have addressed the need for drug products to be designed according to the specific needs of the targeted patient population [25] . Nevertheless, based on the current model used for clinical trials, the patients' characteristics are not appropriately addressed. Even though the major user group for a new drug product is known, the targeted patient population is usually not represented in the clinical trials conducted [26, 27] . In addition, the implementation of patientreported outcomes during clinical trials can highly contribute for the development of optimized designs (e.g., dosage form and packaging) based on the patient's feedback and experience with the drug product [28] . This approach will contribute for increased patient adherence after the launch of the drug product in the market while reducing treatment costs [29] . With this in mind, a Patient-Centered Outcomes Research Institute was implemented in Washington (USA) in 2010, proving that efforts are being made for the development and expansion of a patient-centric healthcare system [30] .
Patient-Centric Pharmaceutical Drug Product Design
Patient-centric pharmaceutical drug product design is a broad term that combines the terms Bpharmaceutical drug product design^and Bpatient centricity.^The topic was created to address the need for considering the targeted patient population characteristics in the product design. As such, the drug product should include non-complex elements that intuitively lead the patient to use it easily and as intended, preventing adherence problems or administration errors [7] .
The constant improvements in healthcare provision and the continuous discovery of new therapies for several diseases have led to the increase of special patient populations such as very old and multi-morbid, cancer survivors, and dementia patients [31] . Alongside, medication management with regard to these patients becomes very complex due to an increase in the number of drug products, dosage forms, and dosing frequency [32] . The capability of these patients to manage complex medication is very limited and may have to rely on caregivers [33] . This is a predictor for a higher incidence of medication errors and poor adherence for cases where patients do not feel comfortable with their drug regimens [34] [35] [36] . Therefore, patient-centric pharmaceutical drug product design plays a crucial role in developing or designing pharmaceutical products according to patients' needs.
A patient-centric design approach can be taken by identifying specific characteristics (skills, impairments, comorbidities) of the targeted patient population that might restrain their usage of drug products and consider them to design appropriate pharmaceutical products. As example, patients with limited manual dexterity (e.g., due to arthritis) may not be able to access the medication contained in a child-resistant packaging [37, 38] . Other cases can include patients that may experience difficulty in reading the product label or understanding the package leaflet due to poor visual acuity and low literacy, respectively [39] . By applying a patient-centric model, increase attention would be given to the packaging design and opening mechanism during development of the pharmaceutical product. Therefore, anticipating the characteristics of the targeted patient population at the time of product design is likely to generate an optimized pharmaceutical product that delivers the specific needs of patients in a real-world setting, something which is not taken into account in current randomized clinical trials [40] .
In order to generate a patient-centric basis for guidance during pharmaceutical development, a system composed of design drivers, design inputs, and design outputs can be implemented. The design drivers and design inputs are derived from the targeted patient population and can be identified through routine checkups (e.g., geriatric assessments). Subsequently, patients and healthcare professionals (e.g., doctor, nurse and pharmacist) must work together to identify the most important design outputs and select the most suited pharmaceutical drug product accordingly. This will then contribute for an optimal interaction between the patient and the drug product, which will ultimately lead to an appropriate use and effective treatment [7, 41] . Since patients present different health literacies, the efficient delivery of relevant product information by healthcare professionals will also play an important role in the treatment success [42] [43] [44] . Studies involving patient-reported outcomes will become an integrating tool of patient-centric pharmaceutical drug product design, as they will collect feedback on experience of patients with a specific drug treatment and contribute for a greater understanding of product design [45, 46] .
Future Perspectives for Patient-Centric Pharmaceutical Design Regarding Solid Oral Dosage Forms
Over the years, research and development activities in academic, pharmaceutical and research organizations have contributed for new innovative products and scientific know-how. This has led to a constant increase in the number of novel dosage forms and formulation technologies available to the patients. Nevertheless, the majority of drug products available on the market remain as solid oral dosage forms [47] .
For drugs that can be delivered orally, solid oral dosage forms are and will continue as main drug delivery technology due to its technological applications, which can be applied or adapted to meet patients' needs (e.g., taste masking and extended-release). In addition, the development and manufacturing of solid oral dosage forms are very well established in the pharmaceutical industry and it is the technology of choice whenever applicable due to its cheaper price.
With regard to solid oral dosage forms, the subject of patient-centric pharmaceutical drug product design will focus more on the customization of existing technologies (e.g., dosage form size reduction) to address the needs of specific patient populations such as pediatrics, geriatrics, dysphagia patients, or mentally ill patients [48] . One frequent issue that affects all these patient populations when practicing drug therapy is their inability to swallow tablets or capsules. In pediatric patients, there is often a fear of chocking during the administration of the dosage form, whereas mentally ill patients often skip their medications by hiding the dosage form in their cheeks [49] . Considering geriatric and dysphagic patients, there is a general difficulty to swallow related to a deterioration of the swallowing function due to aging, specific diseases, or co-morbidities, which challenges the oral administration of drug products [50] . These situations raise opportunities for patient-centric research, as these issues can be addressed with the development of patient-centric pharmaceutical drug products that can complement the specific needs of each specific patient, increasing therapeutic efficacy and patient compliance [47] .
In the past, compliance to prescribed treatments could be adopted through simple variations on the physical appearance of drug products, mainly related to changes in size, shape, or color. In addition, extended-release formulations or combined products have also helped to decrease the dosing frequency and pill burden. Recent developments in patient-friendly dosage forms were achieved with the development of orally disintegrating tablets [51] . It is usually stated that these are easy-to-swallow dosage forms, which allow the administration of a tablet that can be swallowed in the form of a liquid or suspension. Nevertheless, the administration of a liquid formulation can be associated with a higher risk for aspiration when compared to solid forms with regard to dysphagic patients [52] .
Other progress in patient-centric dosage forms were performed to address drug delivery among pediatric populations. Liquid formulations such as syrups and suspensions have for long been considered the most appropriate type of dosage form for young children. Nevertheless, liquid formulations present several problems during administration such as bad taste and dose-measuring errors [53, 54] . The introduction of new European Medicine Agency (EMA) guidelines addressing the development of appropriate medicines for the pediatric population [55, 56] led to a general understanding that solid oral dosage forms such as multiparticulate and minitablets are suitable patient-centric options, enabling proper administration, flexible dosing, and high acceptability in young children [57] [58] [59] . In addition to pediatrics, the same approach should be applied to specific patient populations suffering from diseases that affect the activity of voluntary muscles such as amyotrophic lateral sclerosis (ALS) and muscular dystrophy, which will ultimately lead to patients with impaired swallowing function and impact oral administration of drug products.
Considering older adults, a similar approach was recently applied by EMA to encourage the pharmaceutical development of appropriate medicines that can address the specific needs of this special patient population [60] . Although regulatory proceeding has started, real technology progresses are yet to be made [61] . Since older patients tend to present an aged and deteriorated swallowing function (dysphagia), these may also struggle to swallow large tablets and capsules. Therefore, the patient-centric approach currently in development for the pediatric population can also be transferred to the geriatric population, as these patients would benefit from solid oral dosage forms such as minitablets or multiparticulate systems to facilitate oral drug administration and increase efficacy and safety of prescribed treatments by reducing the cases of drug product manipulation to improve swallowability.
During the development of solid oral dosage form drug products, a wide range of presentations should be manufactured to meet specific needs of different patient populations. In addition to the typical manufacturing of conventional tablets and capsules that typically meet the needs of the normal adult population, the manufacturing of dosage form size-reduction presentations should also be considered and introduced during routine development. This approach will lead to drug products that can globally impact patients and enhance therapy regimens, as it would not only meet the standard needs of the adult population but also the needs for pediatrics, older adults, and patients suffering from swallowing issues due to specific conditions [62] . For cases of drug products which remain in a conventional tablet or capsule presentation (e.g., high drug loads), a patient-centric approach could involve the development of appropriate surface conditions that can aid the swallowability and gliding properties of tablets and capsules during oro-esophageal transit. This can be obtained through the development of new coating technologies that present poor mucoadhesive properties and increased gliding performance across the oro-esophageal system [63] . Since the currently available options still do not meet patients' needs for enhanced swallowability, it is therefore expected an increase in methodological research for the development of appropriate surface coatings that can optimize the swallowing function and administration safety of solid dosage forms [64] [65] [66] .
Patient centricity is expected to have a huge impact in the quality of life of future generations. Consequently, the involved stakeholders need to adapt and integrate a patient-centric approach into their visions, which will allow them to remain competitive and deliver innovative solutions for current patient needs. Substantial efforts have already been made through the development of patient-centric departments or creation programs to keep a closer relationship with patients. Notwithstanding, the pharmaceutical industry and related organizations are still far from reaching its full potential, and a higher predominance of patient centricity in healthcare provision will be expected in future years.
Conclusion
In the years to come, a higher predominance of patient-centric research and patient-centric healthcare systems is expected to be established across developed countries. The adoption of a patient-centric care is expected to benefit patients and contribute for huge savings with healthcare costs. Through a solid commitment of all parts involved, patients will be highly engaged to their therapeutic choices, as these will appropriately address their specific needs. This will contribute for higher adherence levels and reduced events of medication errors or potential adverse drug reactions, which eventually reflect less number of hospitalizations. The recent updates in regulatory regulations encouraging the developing appropriate medicines for special patient populations (e.g., pediatrics and geriatrics) indicate that patient-centric pharmaceutical drug product design is slowly getting shape, with the involved industries also starting to adapt to this new reality. As such, a higher attention and dedication to dosage size reduction during development and manufacturing of solid oral dosage forms will become a standard routine and drug product presentations in the form of multiparticulate systems or minitablets are expected to be more frequent in the upcoming years.
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